Fuzzy rule based systems have been very popular in many control applications. However, when fuzzy control systems are used in real problems, many rules may be required. The number of rules required depends on the number of inputs and tbe number of fuzzy linguistic terms used. This exponential explosion of fuzzy rules can take too much computing time to solve any but the simplest problems. This paper proposes a hierarchical fuzzy system that partitions a problem for more efficient computation. The hierarchical fuzzy rule base algorithm constructs rules from data for the purpose of performing fuzzy classification. Illustration examples are also generated and the results show that this hierarchical fuzzy system can he successfully used for classification applications.
I. INTRODUCTION
In general, fuzzy control systems are still the most important applications of fuzzy theory. This is a generalised form of expert control using fuzzy sets with fuzzy rules in modelling a system. In classical fuzzy approaches from Zadeh [ 11 and Mamdani [2] , the basic idea is to calculate the conclusion by evaluating the degree of matches from the observation that triggered one or several rules in the model. In most fuzzy modelling or fuzzy control systems, experiments and simulations are set up to generate a set of data that best describe all the possible outcomes. After this, a human expert will create the set of fuzzy rules that best perform control or modelling. Normally, fuzzy rules generated in this manner will cover the whole universe of discourse by taking all the possibilities into account. However, a serious problem may occur due to the high computational time and space complexity of rule bases used to describe the model with multiple input variables with proper accuracy. The "exponential explosion" allows little general systems application or real time application of the classical fuzzy algorithms where the number of input 
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which could be very high, unless k is very small. This "exponential explosion" in the number of rules is a major problem hindering the application of fuzzy techniques beyond the area of fuzzy control systems. Besides, the time required in searching the large rule base in order to perform inference might become impractical for any potential applications.
There are basically three possible solutions in general to overcome this problem. First is to reduce the value of T, this can be performed by fuzzy rule interpolation techniques [4, 5, 6, 71. Secondly, reducing the value of k; which is more effective. In 1991, Sugeno et al. [8] had proposed the use of the hierarchical structured rule bases, through little subsequent application of this method has been done as their method required significant manual crafting. The third possible solution is to decrease both T and k simultaneously has been examined in Koczy et al. [3] .
The purpose of this paper is to look at the third solution of simultaneously decreasing both T and k. We present a hierarchical fuzzy rule base algorithm that extracts its rules directly from the measured or simulated data. The hierarchical fuzzy system is used to perform classification with the purpose of reducing the complexity of computation for inference.
CONSTRUCTION OF HIERARCHICAL FUZZY SYSTEM
The first step in constructing any fuzzy rule base for performing any reasonable control and modelling in classification is to perform necessary preprocessing. The nature of the model as well as the boundary of the domains for modelling have to be determined, as this will enable a set of data to be measured or simulated in order to cover the whole universe of discourse in the fuzzy control domain.
Another crucial step in preprocessing is to remove redundant inputs from the state space. Sugeno et al.
[8] used a number of correlative measures to perform this. Other techniques that make use of neural networks can also be used [9, 10, 111. In this paper, we assume all the preprocessing stages have been performed prior to the building of the hierarchical fuzzy system. The set of available numerical data can be used directly by the following proposed algorithm.
A.
In most fuzzy control applications, the measured or simulated data is the basic knowledge available to build the fuzzy control rule base. In our hierarchical fuzzy system, the first step is to translate all the available data into linguistic fuzzy rules using linguistic labels. The following algorithm outlines the steps in extracting the fuzzy linguistic rules from the available input-output pairs.
Converting Numerical Values to Fuzzy Rules
For k inputs, the given input-output data pairs with n patterns are:
The number of linguistics terms T required and the distribution of the data in each dimension of the domain are determined. For ease of interpretation and computational simplicity, the shape of the membership hnctions used in this algorithm is triangular. In this case, we will obtain for every x E X ,
After the fuzzy regions and membership functions have been distributed, the available input-output pairs will be mapped. If the value cuts on more thrin one membership function, the one with the maximum membership grade will be assigned to the value:
After all the input-output values have been assigned a fuzzy linguistic label, Mamdani type fuzzy rules are then formed.
After fuzzy rules have been generated from each data point, repetitive rules are removed. Depending on the quality of the simulation or experiment set up, noise may create some conflicting fuzzy rules. In this case, the number of repetitions of the fuzzy rules and the firing strengths of the rules will be examined to resolve the conflict. Normally, with appropriate preprocessing, the total number of rules generated in this stage will follow the formulae presented in equation (1).
B. Level Identijkation
After obtaining the fuzzy rules that can represent the set of available data, the next step is to build the hierarchy levels in the hierarchical fuzzy system. Our notion is to allow one input state variable to be used in one level of the hierarchy, which structures the search space for the subsequent steps. The problem arises as in which input variable should be placed at the top and each level of the hierarchy. Our proposed algorithm is as follows.
The next step involves the identification of the contribution from each input. If we build the hierarchical fuzzy system from the most important input at the top to the least important are at the bottom, this will assist the pruning stage as will be discussed later.
In this paper, the regularity criterion (RC) [12] is used because it was at hand. However, other input contribution measures are also suitable for this purpose.
Let us assume that the Ci of all the inputs are re-arranged from lowest RC value to highest RC value as follows:
We will start by building from the top of the hierarchy with input,^,, , which has the lowest RC value. Let us assume that this input xc, has T linguistics terms, therefore this input can has T branches of sub rules that can be formed in the next level down the hierarchy. If we have two input variables and one output variable, and all variables have T linguistic terms, our hierarchical fuzzy rule base will have the following levels of rules:
R1:
If xI is AI1 then use R21 If x I is AI2 then use R22
If XI is AIT then use R2T I f~~i s A~~ thenyis BZIl If x2 is AZ2 then y is B212
R21:
If X2 iS A~T then y iS B 2 1~
R2T:
If X2 iS A21 then y iS B~T I If x2 is A22 then y is B2~2
C. Pruning Stage
After the hierarchical fuzzy rule base has been constructed, we can prune the hierarchy to reduce the complexity of the fuzzy rule base. This will improve the inference efficiency of the fuzzy system. Without the use of the RC method, we would have to try V(k-1) ways of building the hierarchical fuzzy system. Then, we would have to decide which one would give us the best hierarchical fuzzy rule base depending on how much it can be pruned.
Our proposition here is that the probability of having the input with the lowest RC value at the top of the hierarchy to the input with the highest RC value at the bottom will effectively allow more sub-rule bases to be pruned. The contribution of the inputs for predicting the classification output is a measure of how well the output classification correlates to the input space. The more correlated the output classification to the input variable, the better chance that the classification can be determined without moving down the sub-rules in the hierarchical fuzzy system. Pruning is performed by examining the hierarchy from the bottom to the top of the hierarchical fuzzy system using two measures:
if the output classification is the same for the whole sub-de base, it can be pruned by moving the classification label up the hierarchy, or if the output classification can be interpolated by two neighbouring fuzzy rules, it is also removed from the sub-rule base.
(1)
Taking the following hierarchical fuzzy system as illustration. 
R1: If Experience is Little then use R2

D. ClassiJca fion Inference
As any input value that fed into the constructed hierarchical fuzzy system used for control will normally cut more than one membership functions in the top level, in this case, the one with the maximum membership grade will be allowed to propagate to the next level for classification. As only the classification label is of interest and the fuzziness of the value is resolved in each level, no defuzzification technique is necessary at the lower end of the hierarchy.
CASE STUDY AND DISCUSSIONS
A case study in determining the salary category based on age, experience and contacts are used to demonstrate the use of the proposed hierarchical fuzzy system. A simulated case is used to generate a total of 200 data points, to be used as the set of input-output pairs to construct the rule base. The proposed algorithm is then used to construct the hierarchical fuzzy rule base.
After the first stage of converting all the numerical values to fuzzy rules, we have generated the following fuzzy rules using membership functions as shown in Figure 1 . IV. CONCLUSION
In this paper, we have proposed a hierarchical fuzzy system that can be used for classification in fuzzy control applications. The proposed algorithm for building the hierarchical fuzzy rule base from given input-output pairs has been shown to be effective in reducing the size of the rule base. The k inputs should be reduced in any preprocessing stage by removing any redundant inputs before using this hierarchical fuzzy algorithm. Further, in this proposed algorithm, the inputs are separated into different levels which also modify the effect of k. As fuzzy interpolation is to be used, in the pruning stage of the hierarchical fuzzy rule base the T is also reduced to allow better computation efficiency. In this preliminary research the hierarchical fuzzy system can only handle classification applications, further work will be needed to extend this hierarchical fuzzy system for applications that require numeric values as the output.
V. ACKNOWLEDGEME~T 
